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SCOPE OF WORK 

This report consolidates efforts among Oak Ridge National Laboratory (ORNL), the United States 

Department of Energy’s (DOE) Office of Indian Energy Policy and Programs, and the Alaska Energy 

Authority (AEA) to evaluate opportunities for hydropower development among 171 Alaska Native villages. 

This research builds upon new stream-reach development (NSD) research [3] conducted by DOE/ORNL and 

geospatial modelling provided by the Bureau of Indian Affairs (BIA)[2]. Based on that information, ORNL 

has developed a model that evaluates village diesel (gallons) consumption, cost, price per gallon, and 

kilowatt-hours produced and purchased[4], in conjunction with the past analyses of DOE and BIA, to identify 

potential benefits of diesel offset from hydropower development on a yearly and 50-year (assumed hydro 

project lifespan) basis.  

 

To evaluate opportunities for hydropower development sites within untapped stream-reaches in Alaska, 

seven filters were applied to the data, three static and four dynamic. The three static filters are designed to 

exclude areas that are already serviced by hydropower, too far from a project site, or require underwater 

transmission cables. The four dynamic filters incorporate user defined values for maximum latitude, 

transmission distance, minimum population and diesel usage offset percentage. For the purpose of this 

discussion, the model’s dynamic filters have been assigned default values, however these values may be 

adjusted to identify areas for NSD that exceed the parameters of the default values, and discussion herein. 

 

After applying these seven filters, the model identified eleven Alaska villages as potential candidates for 

further analysis on hydropower development. To meet the energy demand of these villages, hydropower 

projects could be developed to provide Eleven sites can best meet village energy demand with a combined 

usable capacity of 1.25 MW and 5,488 MWh of annual power generation. Without considering village 

energy demand, these eleven sites have a combined technical capacity of 2.95 MW and annual generation 

of 12,934 MWh based on ORNL’s previous 2014 NSD study. Results indicate that hydropower 

development in these eleven villages, over an industry standard 50-year operational lifespan, could 

potentially reduce their total diesel usage by 435,000 gallons per year, which amounts to a present-day 

value of 50-year diesel savings totaling more than $57 million when projecting annually-reported village 

fuel costs. Additional data collection, reconnaissance studies, and pre-feasibility analyses may provide a 

more in-depth understanding of the hydropower potential for Alaska Native communities. 
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1. BACKGROUND 

Alaska Native communities are affected by high electricity costs due to significant distances between the 

rural villages, imported diesel delivery by predominately barge or air, and uncertainty in the supply chain 

due to weather. As many of the villages are not connected to a formal grid, diesel generators are traditionally 

employed to supply electricity, and this has significant implications from both an economic and energy 

security perspective. Economically, this is important considering the high cost of purchasing and 

transporting fuel to these remote regions. When assessed from an energy security perspective, the 

dependability of supply chains to village locations directly impacts electricity availability. 

As a means offsetting diesel generation using local resources, this study is intended to identify potentially 

new hydropower development sites within untapped stream-reaches. This study builds off of a 2014 United 

States Department of Energy’s (DOE) funded study, conducted by Oak Ridge National Laboratory 

(ORNL), which evaluated the new stream-reach development (NSD) resource potential of more than 3 

million U.S. streams.[3] As a part of that NSD study ORNL coordinated with the Alaska Energy Authority 

(AEA) and the U.S. Army Corps of Engineers (USACE) to assess NSD potential of stream-reaches in 

Alaska lacking existing hydropower infrastructure. Specifically, the NSD study reviewed existing siting 

and feasibility reports of the 2,200 possible sites in Alaska, 437 of which passed that screening and were 

deemed potentially feasible.  

Figure 1 shows the locations of native villages, existing hydropower plants, and the 437 feasible sites as 

determined from the 2014 study[3]. The total potential for the 437 sites is 4,723 MW. 

 
Figure 1. Feasible Hydropower Potential and Native Village Locations  
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2. METHODS 

This section will discuss the methods and assumptions used to conduct the screening analysis. 

2.1.1 Data Processing 

The Bureau of Indian Affairs (BIA) provided names and geospatial point locations of the 225 Alaska Native 

villages to allow assessment of the viability of hydroelectric generation. Village population data were 

acquired from the 2010 Demographic Profile developed by the United States Census Bureau[6].  Geospatial 

data processing methods were implemented with ArcMap 10.2 software to calculate the proximity of BIA’s 

Alaska village locations to the hydropower sites identified in the 2014 study and create relationships among 

the respective attributes. Village-level statistics (e.g. diesel consumption, fuel costs, and power generation) 

were provided by AEA using data from Alaska’s Power Cost Equalization (PCE) program. Alaska’s PCE 

program provides economic assistance to communities and residents in rural areas of the state where, in 

many instances, the kilowatt-hour charge for electricity can be three to five times higher than the average 

rate of urban Alaskan areas[1]. Of the 225 native villages locations provided by BIA, 171 participate in the 

PCE program. As a requirement of the PCE program, participating utilities must file monthly reports with 

AEA to receive payment. These reports are available online and include statistics on diesel volume (gallons) 

used, cost, price per gallon, and kilowatt-hours produced and purchased[4]. For some villages, 2016 data 

were not available due to late reporting or lack of program participation that year; in such cases, the most 

recent full fiscal year’s data are considered. If data are reported from a larger community that supplies 

power to the native village, those data are included as proxy.  

 

Data processing assumptions used for this study included: 

• Only the 171 PCE participating villages are considered in the analysis due to data availability and 

to ensure data uniformity.  

• Fiscal year 2016 data are used, if available. If data are not available for that year, the most recent 

full fiscal year’s data are included. 

o  PCE data prior to FY16 were used for 6 villages or 3.5% of total. 

• If village data are reported as part of a larger community, that community’s fuel, energy, and cost 

data are used as proxy.   

o PCE data for larger communities were used as a proxy for 13 villages or 7.6% of total. 

• Only the closest village to each hydropower site is considered in this analysis.  

2.1.2 Hydropower Potential Estimates 

Estimates for the technical hydropower potential are calculated for each site assuming a 50% capacity factor 

(ratio of average power generated to rated peak power) and using the capacity from the 2014 NSD report[3]. 

The potential annual kWh generation from the 2014 NSD study was compared with the annual kWh 

consumed by a village as reported to the PCE program to calculate the percent diesel offset that the potential 

hydropower facility would provide. In many cases, the technical potential generation from hydropower 

exceeded the energy demand from associated villages. Potential hydropower capacity was reduced for those 

sites assuming the project would be developed exclusively to meet, but not exceed, energy demands for the 

closest villages to the site(s). These village-tailored capacity values are the usable hydropower potential. 

Conceptually, one hydropower project could provide power to multiple villages or multiple projects could 
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provide power to a single village; however, further studies are needed to elucidate hydropower potential 

under these scenarios, and therefore were not considered as part of this study.  

 

Hydropower potential estimate assumptions used for this study included: 

• Seasonal variability was not considered when comparing hydropower and diesel generation, to 

determine the hydropower capacity and diesel offset.  

• Typically, yearly averaged hydraulic heads and flow rates were used from 2014 NSD reports. 

• To calculate potential hydropower generation, a 50% capacity factor is assumed. 

• If a hydropower site has a technical potential capable of generating more kWh than needed for a 

village, the usable project capacity is computed to meet the actual energy demand of the village for 

100% elimination of diesel generation, without considering seasonal variability. 

• Multiple villages receiving power from one site was not considered. 

• Multiple sites providing power to one village was not considered. 

2.2 Cost and Savings Projections 

To examine the long-term savings in diesel costs at each village and evaluate the economic viability of an 

investment in hydropower, each hydropower site was assumed to be built for a 50-year lifespan and would 

provide an equivalent of 50 years of diesel fuel offset. In addition to data from PCE reports, AEA provided 

fuel projection data for the delivered price of diesel to PCE members through the year 2040.  

 

AEA has developed a model to correlate specific rural diesel fuel prices to published indices of crude oil 

prices which takes into account the many factors and costs of transporting diesel fuel from the refinery to a 

specific community.[5] AEA’s fuel price projection model uses regression analysis to estimate what the 

price of diesel will be in a community based on the U.S. Energy Information Administration (EIA) Brent 

crude oil price projections[8] and historic PCE utility invoices. To estimate future diesel prices for the 50-

year project lifespan beyond 2040, a flat 3% inflation rate was applied to the 2040 AEA projection for the 

years 2041-2066 at AEA’s suggestion. With yearly fuel prices computed for the full 50-year project lifespan 

(i.e. 2017-2066), the net present value was calculated using a discount rate of 3%.[7] The present value (PV) 

of 50-year fuel cost (assumed to represent the 50-year savings from hydropower) can be used in future site-

specific economic analysis to in an initial evaluate the economics of hydropower development.  

 

Cost and savings projection assumptions used for this study included: 

• Cost of project development and operation not considered under this study. 

• A hydropower project lifespan is assumed to be 50 years.  

• When projecting fuel costs beyond 2040, a 3% inflation rate was used. 

• When computing net present value, a 3% discount rate was used. 

2.3 Feasibility Filters 

Seven filters were used to determine the feasibility of a potential hydropower site, three static filters were 

used, including: (1) the closest village to each hydro site (Filter 3), (2) whether hydropower has already 

been considered for construction (Filter 4), and (3) if underwater cable would be necessary for transmission 

(Filter 5). The other four filters are dynamic and are user-controlled with default input values. Two of these 



 

4 

 

filters remove villages too far north (Filter 1) or too far away from potential sites (Filter 6). The other two 

user-controlled filters aim to screen out villages where the population is too small (Filter 2) or where the 

hydropower potential would not offset a defined percentage of diesel usage (Filter 7). Latitude, distance 

from site, population and offset were established as dynamic filters, which allowing future users with 

various project goals and budgets to evaluate hydropower potential based on the parameters best suited for 

the application.  All seven filters are defined below:  

 

• Filter 1 – “North of maximum latitude limit?”  

o This filter excludes from consideration villages too far north where hydro development is 

likely not feasible due to unfavorable weather conditions. 

o The default input value is set to 63⁰N yet can be modified at user discretion.  

• Filter 2 – “Village meets minimum population?”  

o This filter excludes from consideration villages with populations smaller than a specified 

value. 

o The default input value is set to 25 residents yet can be modified at user discretion. 

• Filter 3 – “Closest village to hydropower site?”  

o This filter excludes from consideration villages that are not the closest village to a specific 

hydropower site. 

o The Alaska NSD assessment identified the closest feasible site to each village. In the case 

where one site is the closest to multiple villages, only the closest village was considered 

since it would have less transmission line costs.  

• Filter 4 – “Existing hydropower development?”  

o This filter excludes from consideration sites that have already been developed.  

o AEA, PCE reporting data, and FERC licenses were used to confirm existing hydropower 

facilities. 

• Filter 5 – “Underwater cable required?”  

o This filter excludes from consideration villages where the closest identified NSD site is 

across a body of water. 

o Distance values from the 2014 NSD study did not account for geographical barriers, such 

as mountains or water bodies. If a body of water exists between village and NSD site, 

underwater cable would be required. As underwater cable increases the cost of 

transmission, those situations were excluded.  

• Filter 6 – “Transmission line exceeds maximum distance?”  

o This filter excludes from consideration villages that exceed a maximum distance from a 

potential site and would, therefore, have large transmission line length and costs. 

o The default input value is 5 miles yet can be modified at user discretion. 

• Filter 7 – “Hydropower provides significant diesel offset?”  

o This filter excludes from consideration cases where potential hydropower development 

would offset a minimal portion of a village's total diesel usage.   

o The default input value is 50% offset yet can be modified at user discretion. 

o Additionally, this filter removes from consideration situations where a village did not use 

diesel generation for power.  

 

The villages that pass all seven filters were considered the best candidates for further analysis.  
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3. RESULTS AND NEXT STEPS 

Many sites were close to meeting all filters but failed to meet one or more criteria. While these criteria 

leveraged expert opinion from AEA staff and are based on sound engineering judgment, it is difficult to 

know what site-specific features may prove advantageous or detrimental to hydropower development or 

how certain technological or economic conditions may change in the future.  

 

Of the 171 villages analyzed, only eleven passed each of the seven filters and offer a potential for 

hydropower development, subject to further analysis. To meet the energy demand of these villages, 

hydropower projects could be developed to provide a combined usable capacity of 1.25 MW and 5,488 

MWh of annual power generation. Without considering village energy demand, these eleven sites have a 

combined technical capacity of 2.95 MW and annual generation of 12,934 MWh based on ORNL’s previous 

2014 NSD study. This hydropower potential could reduce the collective diesel usage by 435,000 gallons a 

year which amounts to a PV of 50-year diesel savings totaling more than $57 million.  

 

By passing all filters, these villages and sites have been identified as the best candidates for further site-

specific analysis. Figure 2 identifies the eleven villages and sites identified for future hydropower 

development. Table 1 includes the data for each of the eleven villages and hydropower sites. Additional 

economic analysis could be conducted to further assess the feasibility of these eleven identified 

opportunities and reassess other sites which did not pass initial screening. 
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Figure 2. Hydropower Sites Passing Screening  
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Table 1. Villages and Sites Meeting All Filter Criteria 

    Technical Stream Potential Estimated Village Need   

Village Name Site Name Population 

Distance 

between Site 

and Village 

(miles) 

Potential 

Capacity 

(kW) 

Potential 

Annual 

Generation 

(kWh) 

Capacity 

Needed (kW) 

Annual 

Generation 

Needed 

(kWh) 

% Diesel 

Consumption 

Offset 

Estimated 

PV of 50 

Year Savings 

(Million$) 

Native Village of 

Akhiok 
Akhiok (Kempff Creek) 81 1.8 137 600,060 65 284,843 100  4.4 

Native Village of 

Chitina 

Chitina (Five Mile 

Creek)* 
116 5.0 300 1,314,000 102 445,030 100 4.8 

Native Village of 

Chuathbaluk 

Chuathbaluk (Mission 

Creek) 
134 3.2 125 547,500 57 249,634 100  3.2 

Native Village of 

Goodnews Bay 

Goodnews Bay (stream S 

of Chawekat Mtn.) 
259 4.9 85 372,300 85 372,300 56 3.2 

Organized Village of 

Grayling 

Grayling (N. Fork 

Grayling Creek) 
191 0.8 230 1,007,400 138 605,543 100 7.7 

Organized Village of 

Kake 
Gunnuk Creek 626 1.3 300 1,314,000 300 1,314,000 57  10.9  

Native Village of Karluk 
Karluk (unnamed stream, 

site #3) 
43 2.9 180 788,400 45 199,228 100  2.1 

Alutiiq Tribe of Old 

Harbor 

Old Harbor (Ohiouzuk 

Creek) 
213 1.1 296 1,296,480 191 838,064 100  6.7 

Pedro Bay Village 
Pedro Bay (Knutson 

Creek) 
47 2.1 100 438,000 44 193,314 100  3.2 

Native Village of 

Perryville 

Perryvillle (unnamed 

stream, site #2) 
101 3.6 850 3,723,000 109 476,422 100 3.8 

Native Village of Port 

Heiden 

Port Heiden (Reindeer 

Creek) 
114 4.9 350 1,533,000 116 509,409 100 7.4 

 Total 1,925 2.9 (avg) 2,953 12,934,140 1,253 5,487,787 92.1 (avg) 57.7 

*http://www.akenergyauthority.org/fivemilecreek: Permitting and final designs are underway for a run-of-river hydroelectric project on five mile creek to benefit the community of Chitina. 

Other hydro projects undergoing permitting or other stages of development to benefit Alaska Native villages, such as Thayer Creek in Angoon, may have been screened out in the 2014 NSD 

report study on which this analysis expands upon. 

 
 

http://www.akenergyauthority.org/fivemilecreek
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